GABA interacts with photic signaling in the suprachiasmatic nucleus to regulate circadian phase shifts.
Circadian rhythms of physiology and behavior in mammals are driven by a circadian pacemaker located in the suprachiasmatic nucleus of the hypothalamus. The majority of neurons in the suprachiasmatic nucleus are GABAergic, and activation of GABA receptors in the suprachiasmatic nucleus can induce phase shifts of the circadian pacemaker both in vivo and in vitro. GABA also modulates the phase shifts induced by light in vivo, and photic information is thought to be conveyed to the suprachiasmatic nucleus by glutamate. In the present study, we examined the interactions between GABA receptor agonists, glutamate agonists, and light in hamsters in vivo. The GABA(A) receptor agonist muscimol and the GABA(B) receptor agonist baclofen were microinjected into the suprachiasmatic nucleus at circadian time 13.5 (early subjective night), followed immediately by a microinjection of N-methyl-D-aspartate (NMDA). Both muscimol and baclofen significantly reduced the phase shifting effects of NMDA. Further, coadministration of tetrodotoxin with baclofen did not alter the inhibition of NMDA by baclofen, suggesting a postsynaptic mechanism for the inhibition of NMDA-induced phase shifts by baclofen. Finally, the phase shifting effects of microinjection of muscimol into the suprachiasmatic nucleus during the subjective day were blocked by a subsequent light pulse. These data suggest that GABA regulates the phase of the circadian clock through both pre- and postsynaptic mechanisms.